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The white light emitting diode ͑LED͒ have received increasing interests in recent years for its promising applications on solid state lighting. [1] [2] [3] There are basically two approaches for generating white light using LEDs. 4 The first approach is to mix the light of different colors emitted from different LED chips. Another approach is to mix the emission from a blue or near-ultraviolet ͑UV͒ LED with a longer wavelength light downconverted from the LED emission using phosphors. [5] [6] [7] [8] In a near-UV chip white LED, the visible components of the white light are generated only by phosphors, exhibiting low color point variation against the forward-bias currents. Some yellow, green, and blue emitting phosphors as good candidates for near-UV chip excitation have been reported. [9] [10] [11] [12] However, there are very few inorganic red or orange phosphors with environmental stability and nontoxicity for this type of white LEDs. 13 The 4 , and Eu 2 O 3 were homogenized by an agate mortar, pestled for 1 h and placed in a crucible with a lid. The crucible was preheated at 600°C for 1 h, cooled down, ground, and put into crucible again which was buried by carbon sticks and sintered at 1250°C for 2 h in CO reducing atmosphere. The concentration of Eu 2+ was fixed at 4 mol %, while the Mn 2+ concentrations were varied from 4 to 14 mol %. A green Ba 2 SiO 4 : 0.03Eu 2+ phosphor for mixing with ␣-Ca 2 P 2 O 7 :Eu 2+ , Mn 2+ was synthesized by the process, as described in Ref. 10 . The structure of sintered samples was identified by x-ray powder diffractometer ͑XRD͒ ͑Rigaku D/M AX-2500 V͒. The measurements of photoluminescence ͑PL͒ and photoluminescence excitation ͑PLE͒ spectra were performed by using a Hitachi F4500 fluorescent spectrometer. In fluorescence lifetime measurements, the third harmonic ͑355 nm͒ of a Nd doped yttrium aluminum garnet laser ͑Spectra-Physics, GCR 130͒ was used as an excitation source, and the signals were detected with a Tektronix digital oscilloscope ͑TDS 3052͒. The chromaticity coordinates and color rendering indices ͑CRIs͒ as well as the correlated color temperature ͑T c ͒ in kelvins of the fabricated white LED were obtained using PR-705 SpectraScan spectroradiometer.
XRD patterns of Eu 2+ and Mn 2+ codoped ␣-Ca 2 P 2 O 7 are shown in Fig. 1 . All the peaks are indexed based on monoclinic structure and match well with those in Ref. 16 Fig. 2 by a comparable way. In Fig. 2͑a͒, 2+ phosphor, so that it is expected to fabricate white LEDs with a mixture of the two phosphors. Figure 4͑b͒ shows the emission spectrum of the fabricated white LED under 20 mA forward-bias currents. Obviously, the spectrum exhibits the emission colors of the two phosphor blends. The asymmetry of the 400 nm band is caused by overlapping Fig. 5 . With increasing applied currents from 10 to 50 mA, the variation of both the CIE chromaticity coordinates and CRIs is less than 10%, indicating lower color point variation of UV chip based white LED compared with the blue chip. 20 When the forward-bias current is 20 mA, the CIE coordinates are x = 0.27 and y = 0.30; the CRI is 78 and the luminous efficiency is 9 lm/ W; the correlated color temperature ͑T c ͒ is 10 465 K. The CIE coordinates and the correlated color temperature indicate that the LED emission shows bluish white due to the weak spectral content of the orange light. However, by tuning the weight ratio of two phosphors, increasing the orange emission intensity, the warm white LED can be expected to obtain and we have experimentally obtained evidence for the possibility of further improvements in the CIE coordinates and the correlated color temperature.
In conclusion, the single-phased ␣- 
